Background: It is still unclear whether weight gain from early to late adulthood affects longevity. Furthermore, no study has addressed its association with all-cause and cause-specific mortality in an Asian population. Methods: We prospectively assessed the association between an increase in body mass index (BMI) category since age 20 years and risk of all-cause, cardiovascular disease (CVD) and cancer mortality. Self-reported information pertaining to BMI was collected from 38 080 Japanese men and women aged 40-79 years at study entry in 1994 after exclusion of participants with a BMI of o18.5 kg/m 2 at age 20 years or at study entry. We defined six patterns of increase in BMI category at age 20 years and study entry: stable normal, overweight and obese, normal to overweight or obese, and overweight to obese. Results: During 7 years of follow-up, 2617 participants died. After adjustment for potential confounders, we observed a significantly increased risk of all-cause mortality for the pattern of normal weight at age 20 years and obese at study entry and of stable obese compared with stable normal in BMI category, the multivariate HRs (95% confidence interval (CI)) being 1.42 (1.08-1.88) and 2.26 (1.45-3.51), respectively. For the pattern of overweight at age 20 years and obese at study entry, the multivariate hazard ratio (95% CI) was 1.35 (0.92-1.98). In contrast, we did not observe an increased risk of all-cause mortality for normal weight at age 20 years and overweight at study entry, and stable overweight. For CVD and cancer mortality, these results were consistently observed. Conclusion: We observed an increased risk of all-cause mortality both among participants who had been persistently obese since early adulthood and participants who showed an increase in BMI category from normal to obese, compared with participants with a stable normal BMI category.
Introduction
Numerous studies have reported that obesity (body mass index (BMI) X30 kg/m 2 ) in mid-adulthood is associated with an increased risk of all-cause mortality. Obesity in childhood and early adulthood is also related to an increased risk of cardiovascular disease (CVD), 1 cancer 2 and all-cause mortality. 3 In addition to BMI, several studies of chronic diseases have recommended preventing further weight gain throughout adulthood. 4, 5 However, previous studies on the association between weight gain and all-cause mortality since early adulthood have yielded inconsistent results. [6] [7] [8] [9] [10] [11] Most of the studies used stable weight as a reference category possibly including stable overweight/obese, and presented the risk of weight gain. [7] [8] [9] [10] [11] If mortality risk differs between stable normal weight and overweight/obese, the relative risk of weight gain would depend on the proportion of these two groups. In contrast, only two cohort studies have examined the association between weight gain and all-cause mortality in comparison to stable 'normal' weight. 6, 8 Because of the small number of cases included, however, these studies failed to demonstrate mortality risk in two groups: (1) normal weight in early adulthood and obese in late adulthood and (2) obese in both early and late adulthood. Thus, it is still unclear whether an increase in BMI category from early to late adulthood affects longevity. Moreover, to our knowledge, no study has examined the association between weight gain including an increase in BMI category since early adulthood and all-cause and cause-specific mortality in an Asian population.
Here, we report a large-scale population-based prospective cohort study conducted in Japan that was designed to investigate the association of an increase in BMI category since early to late adulthood with all-cause and causespecific mortality.
Methods

Study cohort
The details of the Ohsaki National Health Insurance (NHI) Cohort study have been described previously. 12 From 1 January 1995, we started prospective collection to ascertain the date of, and the reason for, withdrawal from the NHI, by obtaining NHI withdrawal history files from the local NHI Association. We excluded 774 participants because they had withdrawn from the NHI before collection of the NHI withdrawal history files. Thus, 51 255 participants formed the study cohort. The study protocol was reviewed and approved by the Ethics Committee of Tohoku University School of Medicine. We considered the return of selfadministered questionnaires signed by the study participants to imply their consent to participate.
For current analysis, we excluded participants who died before collection of the NHI withdrawal history files (n ¼ 37), and those with missing data for height, weight at study entry or weight at age 20 years (n ¼ 6176). As our major concern was gain of BMI from the normal range (18.5-24.9 kg/m 2 ), 16 we excluded participants with a BMI of o18.5 kg/m 2 at age 20 years or at study entry (n ¼ 3861). We also excluded participants who reported a history of cancer (n ¼ 1303), myocardial infarction (n ¼ 1142) or stroke (n ¼ 870) at study entry, because these morbidities could have changed their BMI. Consequently, our analysis included 38 080 participants.
Exposure data
The baseline survey included questions on self-reported body height and weight at the time of the survey and recalled weight at age 20 years. BMI at study entry was calculated as the weight at entry divided by the square of the height at study entry (kg/m 2 ). BMI at age 20 years was calculated as the weight at age 20 years divided by the square of the height at study entry (kg/m 2 ). Both BMI at age 20 years and at study entry were categorized according to the cutoff points proposed by the World Health Organization: 16 18.5-24.9 (normal weight), 25.0-29.9 (overweight) and 30.0 or higher (obese). To investigate patterns of increase in BMI category from age 20 years to study entry, six such patterns were defined: (1) normal weight at both age 20 years and study entry (stable normal BMI category), (2) normal weight at age 20 years and overweight at study entry, (3) normal weight at age 20 years and obese at study entry, (4) overweight at both age 20 years and study entry (stable overweight), (5) overweight at age 20 years and obese at study entry and (6) obese at both age 20 years and study entry (stable obese). The pattern of stable normal BMI category was used as a reference category. We had evaluated the validity of self-reported body weight and body height at study entry among a subsample of the cohort. 17 
End point
The primary end point was all-cause mortality. Secondarily, we conducted analyses of CVD and cancer mortality. To follow up the participants for mortality and migration, we reviewed the NHI withdrawal history files. When a participant was withdrawn from the NHI system because of death, emigration or employment, the date of with drawal and its reason were coded on the NHI withdrawal history files. Because we were unable to obtain subsequent information on the participants who withdrew from the NHI, we discontinued follow-up of participants who withdrew from the NHI system because of emigration or employment.
To confirm their cause of death, we reviewed the death certificates filed at Ohsaki Public Health Center. Cause of death was coded by trained physicians according to the International Statistical Classification of Diseases and Related Health Problems, Tenth Revision (ICD-10). 18 We identified deaths from CVD (codes I00-I99), and cancer (code C00-C97).
Statistical analysis
From 1 January 1995 to 31 December 2001, we prospectively counted the number of person-years of follow-up for each participant from the beginning of follow-up until the date of death, withdrawal from the NHI or the end of the follow-up, whichever occurred first.
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Cox proportional hazards regression analysis was used to calculate the hazard ratio (HR) and 95% confidence interval (CI) of mortality according to BMI or patterns of increase in BMI category, and to adjust for potentially confounding variables, using SAS. 19 Dummy variables were created for each category. All reported P-values are two-tailed, and differences at Po0.05 were considered statistically significant. Multivariate models were adjusted for the following variables: age (in years), sex, smoking status (never, former, currently smoking o20 cigarettes day À1 and currently smoking X20 cigarettes day À1 ), alcohol drinking ) and education (up to age 15 years, up to age 16-18 years and up to age X19 years). Walking duration was used as a parameter of physical activity because it is the most common type of physical activity among middle-aged and older individuals in rural Japan. The validity and reproducibility of the question on walking time have been reported elsewhere. 20 We also presented the results of analyses of BMI or patterns of increase in BMI category with further adjustment for green vegetables, total fruit and total energy intake (as a continuous variable), and green tea intake (less than 1 cup day À1 , 1-2, 3-4 and 5 or more cups day
À1
). In addition, we investigated the association of percentage change in BMI from age 20 years to study entry and BMI category at study entry with all-cause mortality because a change in BMI category could include a wide range of net change in BMI.
Results
The characteristics of the participants according to BMI at study entry are shown in Table 1 . Participants with a higher BMI at study entry tended to be older and to have a higher mean BMI at age 20 years, and were less likely to be male, current smokers and drinkers, to walk and to have attended school until age 19 or older.
During 7 years of follow-up (237 131 person-years), we documented 2617 deaths, including 777 from CVD and 1064 from cancer. Table 2 shows the association between BMI at age 20 years or at study entry and all-cause mortality. For BMI at age 20 years, being both overweight and obese compared with normal weight were significantly associated with an increased risk of all-cause mortality. On the other hand, for BMI at study entry, overweight was not associated with all-cause mortality. ), walking duration (o1 h day À1 and X1 h day À1 ) and education (up to age 15 years, up to age 16-18 years and up to age X19 years). b HR2 was adjusted for the same as HR1, and green vegetables, total fruit and total energy intake (as a continuous variable), green tea intake (less than 1 cup day À1 , 1-2, 3-4, and 5 or more cups day
À1
). Increase in body mass index category and mortality T Shimazu et al Table 3 shows the multivariate HRs of all-cause mortality according to the six patterns of increase in BMI category from age 20 years to study entry compared with a stable normal BMI category. We observed a significantly increased risk of all-cause mortality for the pattern of normal weight at age 20 years and obese at study entry, and of stable obese: the multivariate HRs (95% CIs) were 1.42 (1.08-1.88) and 2.26 (1.45-3.51), respectively. For the pattern of overweight at age 20 years and obese at study entry, the point estimate of the multivariate HR (95% CI) was increased (1.35 (0.92-1.98) ), although it was not statistically significant. In contrast, we did not observe an increased risk of all-cause mortality for the two patterns: normal weight at age 20 years and overweight at study entry, and stable overweight. With further adjustment for green vegetables, total fruit and total energy intake, and green tea intake, a similar result was obtained.
Similar to all-cause mortality, an increased risk for both CVD and cancer was observed according to the three patterns of normal weight, overweight and obese at age 20 years among those who were obese at study entry. The multivariate HRs (95% CI, number of deaths) for CVD mortality were 1.58 (0.97-2.57, n ¼ 17), 1.80 (0.99-3.28, n ¼ 11) and 2.74 (1.36-5.54, n ¼ 8), and the corresponding HRs (95% CIs, number of deaths) for cancer mortality were 1.33 (0.84-2.11, n ¼ 19), 1.30 (0.70-2.44, n ¼ 10) and 2.69 (1.39-5.21, n ¼ 9), respectively.
We conducted further analyses stratified by sex, age (40-69 and 70 years or more at study entry) and smoking status for all-cause mortality. In men, the multivariate HRs (95% CIs) for the two patterns of normal weight at age 20 years and obese at study entry, and of stable obese, were 1.37 (0.90-2.09) and 2.89 (1.63-5.11), respectively. In women, the respective multivariate HRs (95% CIs) were 1.50 (1.03-2.17) and 1.60 (0.79-3.23), respectively. In participants aged 40-69 years, the multivariate HRs (95% CI, number of deaths/number of participants) were 1.57 (1.13-2.19, n ¼ 37/ n ¼ 596) and 2.58 (1.38-4.82, n ¼ 10/n ¼ 100), whereas in participants aged 70 years or more the multivariate HRs (95% CIs, number of deaths/number of participants) were 1.16 (0.69-1.94, n ¼ 15/n ¼ 74) and 1.76 (0.94-3.29, n ¼ 16/ n ¼ 61), respectively. In current smokers, the multivariate HRs (95% CIs, number of deaths/number of participants) were 1.36 (0.77-2.42, n ¼ 12/n ¼ 146) and 5.16 (2.84-9.38, n ¼ 11/n ¼ 35), respectively. Because of the small number of deaths for the stable obese pattern, we could not meaningfully estimate HRs for ex-and never smokers (n ¼ 1 and n ¼ 5, respectively) (data not shown).
We conducted several sensitivity analyses for all-cause mortality. To exclude the effect on mortality of participants HR2 was adjusted for the same as HR1, and green vegetables, total fruit and total energy intake (as a continuous variable), green tea intake (less than 1 cup day À1 , 1-2, 3-4, and 5 or more cups day À1 ).
Increase in body mass index category and mortality T Shimazu et al who had an extremely high BMI at study entry, we restricted our analysis to participants with a BMI below 35 (kg/m 2 ) at study entry. The multivariate HRs (95% CIs) for the pattern of normal weight at age 20 years and obese at study entry and for the pattern of stable obese were not changed (HR ¼ 1.45; 95% CI, 1.09-1.93 and HR ¼ 2.11; 95% CI, 1.13-3.93, respectively). After exclusion of participants who had died in the first 2 years of follow-up or addition of height to the multivariate model, the results across the six patterns of increase in BMI category were not changed substantially (data not shown). Table 4 shows multivariate-adjusted HR for all-cause mortality according to percentage change in BMI from age 20 years to study entry and BMI category at study entry compared with change in BMI within 6% and normal weight at study entry. With regard to weight gain and stable weight, the results did not contradict the findings in Table 3 .
Discussion
We observed an increased risk of all-cause mortality for stable obese and for normal weight at age 20 years and obese at study entry in comparison to participants with a stable normal BMI category. Participants who were stable obese showed a 126% increased risk of all-cause mortality, whereas those who were normal weight at age 20 years and obese at study entry had a 42% increased risk. The point estimate of HR for all-cause mortality in those who were overweight at age 20 years and then became obese was increased, but not to a statistically significant degree. The results for three patterns of increase in BMI category regarding obese at study entry for CVD and cancer mortality were the same as those for all-cause mortality.
To exclude the possible effect of weight change within each pattern of increase in BMI category, we investigated the association of percentage change in BMI and BMI category at study entry with all-cause mortality (Table 4) . This analysis supported an increased risk of all-cause mortality in participants who were stable obese and became obese in late adulthood.
Our study had several strengths in addition to its prospective nature and high response rate. First, we were able to separately present HRs for all-cause mortality according to patterns of change in BMI category from early to mid-or late adulthood. We were therefore able to clarify the magnitude of relative risk for (1) normal weight in early adulthood and obese in late adulthood and (2) obese in both early and late adulthood. Second, to our knowledge, this is the first report to have examined the association of weight gain including an increase in BMI category since early adulthood to mid-or late adulthood with all-cause mortality in an Asian population.
In most of the previous studies that have investigated the association of weight gain since early adulthood to mid-or late adulthood with all-cause mortality, the highest category of weight gain compared with stable weight showed a positive 7, 10 or inverse 11 association, or no association. 8, 9 These studies used stable weight as a reference category, and estimated relative risk of mortality among participants who ). 8 On the other hand, Corrada et al. 6 found a 1.3-fold increased risk only in overweight/ obese participants at age 21 years who gained more than 15% relative to stable normal weight. In our study, the relatively large number of cases made it possible to present relative risk in obese participants separately, and to clarify the association between an increase in BMI category and allcause, CVD and cancer mortality. In contrast to our findings of patterns including participants who were obese at age 20 years or at study entry, two patterns (stable overweight and becoming overweight from normal weight) were not associated with an increased risk of all-cause mortality ( Table 3 ). The findings for these two patterns do not conflict with those of most studies that have examined the association of weight change since early adulthood and found no increased risk for mild weight gain. 6, [8] [9] [10] [11] Our study had several limitations. First, the BMI values at age 20 years were based on recalled weight at age 20 years, and could not be validated, although BMI at study entry was considered to be sufficiently valid. 17 A previous study showed that the correlation coefficient between recalled and measured weight at age 25 years among the middle-aged Japanese was reasonably high (r ¼ 0.85). 21 Therefore, misclassification of BMI at age 20 years might not have substantially distorted the association between pattern of gain in BMI and mortality. Second, the number of cases was insufficient to investigate the risk of mortality from stroke, coronary heart disease or specific cancer sites. Further studies on the association between patterns of weight change and cause-specific mortality would be helpful for clarifying the mechanism involved. Third, we obtained information only on weight between age 20 years and study entry, and thus could not clarify the effect of weight fluctuation, or rapid or gradual weight change on mortality.
In conclusion, we have observed an increased risk of all-cause mortality both among individuals who were persistently obese since early adulthood and those who showed an increase in BMI category from normal to obese, in comparison with individuals whose BMI category had been stably normal.
